Because energy-contnbuting nutrients are highly correlated with total energy, the association with colon cancer from energy versus other components of energy-providing nutrients is often not clear. Dietary data from a population-based case-control study of colon cancer were analyzed in subjects from California, Utah, and Minnesota in 1991-1994 to assess the colon cancer nsk associated with consumption of energy, fat, protein, and carbohydrate. After adjustment for long-term physical activity, total energy intake increased risk of colon cancer in men (odds ratio = 1 74, 95% confidence interval 1.14-2.67 for highest vs. lowest quartile) and in women (odds ratio = 1.70, 95% confidence interval 1.07-2.70). Various methods of analysis suggested that intakes of individual sources of energy (dietary fat, protein, and carbohydrate) were not associated with colon cancer nsk after total energy intake was taken into account. People who consumed a high-calone diet that was dense in fiber and calcium appeared to be at lower nsk than people with the same caloric intake who consumed smaller amounts of dietary fiber and calcium. Individuals with a first-degree relative with colorectal cancer, especially those diagnosed at a younger age, were at a greater risk from a diet high in energy than were individuals without a family history of colorectal cancer. Am J Epidemiol 1997;145:199-210. calcium; calonc intake; colonic neoplasms; dietary carbohydrates, dietary fats; dietary fiber; dietary proteins; genes Is colon cancer risk influenced by total energy consumption and/or by the individual contributors of energy? Several studies have attempted to answer this question by examining the associations between total energy, dietary fat, protein, and carbohydrate and risk of developing colon cancer (1-10). However, the results of these studies have failed to identify consistently the relevant factors of energy and individual contributors to energy that may be most important in the etiology of colon cancer. Age at diagnosis, sex, site
Is colon cancer risk influenced by total energy consumption and/or by the individual contributors of energy? Several studies have attempted to answer this question by examining the associations between total energy, dietary fat, protein, and carbohydrate and risk of developing colon cancer (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . However, the results of these studies have failed to identify consistently the relevant factors of energy and individual contributors to energy that may be most important in the etiology of colon cancer. Age at diagnosis, sex, site of the tumor within the colon, the statistical method for data analyses, and design features of various studies could contribute to this somewhat confused picture (11) (12) (13) (14) . The purpose of this study is to evaluate the role of energy and energy-contributing nutrients in the etiology of colon cancer.
There are two primary avenues that need to be explored to determine the association between energy intake and colon cancer. First, the absolute amount of energy and energy-contributing nutrients consumed could influence colon cancer risk. While one could hypothesize that consuming more energy increases the risk of colon cancer, consuming more fat, protein, or carbohydrate also may alter risk by specific physiologic mechanisms that involve these nutrients in the colon lumen or, more plausibly, via absorbed constituents in the colonic blood supply. Thus, it is reasonable to hypothesize that fat, protein, and carbohydrate increase colon cancer risk beyond the risk associated with increased energy consumption. If dietary components have specific and energy-independent risk, the proportion of the diet from fat, protein, and carbohydrate is important; in an isocaloric diet, substituting one source of energy for another may alter colon cancer risk. In this paper, we assess the associations between total energy intake, contributors of energy, and colon cancer. In all analyses, we control for pattern of long-term vigorous physical activity, since it has been argued that energy intake is only a reflection of energy expenditure. Our analyses account for variation in energy intake over and above that required because of differences in energy expenditure. We also evaluate these associations in conjunction with dietary fiber and calcium and with a family history of colorectal cancer.
MATERIALS AND METHODS Study population
Study participants were from the Kaiser Permanente Medical Care Program of Northern California, an eight-county area in Utah (Davis, Salt Lake, Utah, Weber, Wasatch, Tooele, Morgan, and Summit counties) and the metropolitan Twin Cities area (Anoka, Carver, Dakota, Hennepin, Ramsey, Scott, and Washington counties) in Minnesota. Eligibility criteria for cases included diagnosis with first primary colon cancer (International Classification of Diseases for Oncology, 2nd edition, codes 18.0 and 18.2-18.9) between October 1, 1991 and September 30, 1994, aged 30-79 years at time of diagnosis, and mentally competent to complete the interview. Cases with tumors in the rectosigmoid junction or rectum (defined as the first 15 cm from the anal opening) and cases with a pathology report designated familial adenomatous polyposis, Crohn's disease, or ulcerative colitis were not eligible. A rapid-reporting system was used to identify cases, with the majority being interviewed within 4 months of diagnosis. Of those whom we were able to ask to participate in the study, 76 percent cooperated.
Methods used to ascertain controls have been reported elsewhere (15) . In all instances, criteria for eligibility for controls was the same as for cases. Briefly, controls were identified from the membership list at the Kaiser Permanente Medical Care Program. In Utah, controls who were matched to cases aged 65 years and older were identified from the Health Care Financing Administration, while younger controls were identified from random digit dialing (year 1) and lists of individuals who had recently renewed their driver's license. In Minnesota, controls were selected from driver's license lists. Of all controls asked to participate, 64 percent cooperated.
Reasons for nonparticipation have been outlined (16) . A total of 2,280 cases and 2,494 controls were interviewed. Of these, 197 cases and 18 controls were excluded because they were found to be ineligible, and 90 cases and 66 controls were excluded from the analysis because they had incomplete data, data were considered to be of poor quality by the interviewer, or they were identified as having ulcerative colitis or Crohn's disease at the time of the interview. A total of 1,993 cases and 2,410 controls are included in the analyses.
Data collection
Data were collected from study participants by trained and certified interviewers using laptop computers (17) . The referent period for the study was the year 2 years prior to the date of selection (the date of diagnosis for cases or the date of selection for controls). The interview took approximately 2 hours to complete; the study questionnaire had been pretested on a random sample of Utah residents similar to the age structure of the population. Quality control methods used in the study have been described elsewhere (17, 18) .
Dietary intake
Dietary intake data were obtained using an adaptation of the validated CARDIA diet history (18) (19) (20) ; participants were asked to recall foods eaten, the frequency with which they were eaten, foods eaten as additions to other foods, and use of fats during food preparation. Nasco food models were used to help participants estimate their usual serving size; cue cards were used to help participants consistently report foods. Foods that were eaten away from home and that were prepared with fat were assigned the fat most commonly used at a medium-priced restaurant. For certain food items where many types of food within a category would be eaten, e.g., breakfast cereal, participants were asked to report the three mostly commonly eaten items. Seasonal consumption was obtained for fresh and canned fruits and for four vegetables (corn on the cob, tomatoes, and summer and winter squash). Nutrient values for specific foods rather than broad grouping of foods were calculated using the Nutrition Coding Center nutrient database (21) .
Statistical methods
To determine the associations between energy consumption and energy contributors on the one hand and risk of developing colon cancer on the other, analyses were conducted four ways (see Appendix 1): entering total energy and a macronutrient simultaneously in the same model; using the partition method as described by Howe (22) , where, for instance, fat energy and nonfat energy are entered into the same model; using residual analysis as described by Willett and Stampfer (23) , where the residual of the macronutrient and total energy are in the same model; and using the density method, where the percentage of energy from each macronutrient and total energy are both included in the model (24) . The simultaneous and partition methods produced virtually identical results as did the density and residual methods. Therefore, data are presented here for the partition method, to estimate the effect of adding amounts of nutrients to the diet, and for the density method, to estimate the effect of substituting macronutrients in an isocaloric diet, i.e., changing the proportion of energy in the diet from fat, protein, or carbohydrate while total energy intake remains constant. A major goal of the analyses was to estimate associations with energy-providing nutrients while adjusting for total energy (25) .
Analyses were performed using both continuous and categorical nutrient variables. Nutrients were categorized into quintiles based upon the distribution of the control population for men and for women separately. Although the continuous model is more robust and less subject to bias (24) , in most instances, we observed similar results when comparing the risk from the upper and lower quintiles of the distribution using either the categorical or the continuous model. In some instances, risk estimates across quintiles did not appear to be linearly related to colon cancer risk. In the analyses presented, the primary exposure of interest was categorized, and the other covariates were used continuously. For example, in assessing the impact of percent of total energy from fat on colon cancer risk, the percentage of energy from fat was categorized, and a continuous value was used for total energy intake.
Odds ratios and 95 percent confidence intervals were calculated from unconditional logistic regression models. In these models, age at selection; body mass index (weight/height 2 for men and weight/height 1 5 for women) self-reported for the referent period; recalled family history of first-degree relatives with colorectal cancer; long-term vigorous activity as determined using an adaptation of the CARDIA physical activity history (26, 27) ; dietary fiber, calcium, and cholesterol; and use of aspirin and/or nonsteroidal antiinflammatory drugs on a regular basis were included as covariates. Since there were no case-control differences by center, we did not adjust for center. Agespecific analyses were performed using age 67 years as a cutpoint, since this was the median age of the population. Tumor site within the colon was defined as proximal (cecum through transverse colon) or distal (splenic flexure, descending, and sigmoid colon) as classified by the relevant tumor registries. Statistical assessment of multiplicative interaction was done by taking -2 times the difference in the log-likelihood of the model with and that without the categorized interaction terms (28) . For the interaction terms, total energy, dietary fiber density, and calcium density were categorized; family history was assessed using a dichotomous variable.
RESULTS
Cases consumed more energy and macronutrients than did controls (table 1) . Among men, the ranges in the percent of energy from fat, protein, and carbohydrate as indicated by the mean values for the lowest and highest quintiles of intake were approximately 26 and 38, 13 and 17, and 43 and 57, respectively (data not shown). For women, the comparable ranges were 24 and 37, 13 and 18, and 46 and 59. Participants over age 67 years consumed a diet more dense in carbohydrates (p < 0.01) and less dense in fat (p < 0.01) than did younger participants, and women consumed a diet more dense in carbohydrates and less dense in fat than men (both p values < 0.01) (data not shown).
Total energy intake was directly correlated with the major sources of energy in the diet as well as the percentage of energy from fat (table 2) ; however, total energy was inversely associated with percentage of energy from both protein and carbohydrate. Nonprotein energy had an almost perfect correlation with total energy intake. While the percent of calories from fat in the diet was highly associated with grams of fat (r = 0.60 among men and 0.63 among women), neither the absolute amount of protein nor the absolute amount of carbohydrate was highly associated with either of their density measures (protein r = 0.22 and carbohydrate r -0.12 among men; protein r = 0.22 and carbohydrate r -0.16 among women). The overall pattern of correlation is essentially identical between men and women.
After physical activity, body size, and other factors were controlled for, total energy was associated with increased colon cancer risk (table 3) . However, among older individuals, energy intake did not appear to be associated with colon cancer; this was especially true for older women. Among women, high levels of energy intake were associated with risk only among younger women and those with proximal tumors. In both of these subgroups, only those in the upper quintile were at statistically significantly altered risk. Increasing energy consumption by 500 kilocalories per day resulted in a 15 percent increased risk of colon cancer among men (95 percent confidence interval 4-26 percent) and an 11 percent increased risk among women (95% confidence interval 1-27 percent) (data not shown). When colon cancer risk was partitioned into that from a specific macronutrient (fat, protein, and carbohydrate) and the complementary energy sources (labeled nonfat, nonprotein, noncarbohydrate), no specific source of energy was consistently associated with altered risk (table 4) . Congruent with the above analyses, the nutrient density analysis indicated that total energy (and not any one energy source) was associated with increased risk (table 5) . In these analyses, the risk estimates for total energy were derived from differ- ences in the median level of the upper and lower quintiles so that they would be comparable with those shown in table 3. Among younger men and men with proximal tumors, total energy was significantly associated with risk of colon cancer; however, among older men and men with distal tumors, the risk associated with total energy was not statistically significantly elevated when the percent of energy from fat, protein, or carbohydrate were in the model; similar patterns were observed for women. In fact, total energy became inversely associated with risk among older women when source of energy was in the model. Evaluation of the risk associated with total energy within tertiles of the population stratified by the percent of energy from fat, protein, and carbohydrate provided further support that no one source of energy specifically increases risk of colon cancer over the increase accounted for by energy (table 6) . We were interested in determining whether the level of dietary fiber or calcium modified the associations with total energy since these nutrients have been shown to be associated with risk of colon cancer. It appears that a diet high in dietary fiber or calcium reduces the risk associated with a diet high in total energy (table 7) . Those at greatest risk are those who consume a diet high in total energy but low in dietary fiber and calcium. Among men, an interaction term for calcium and total energy significantly improved the overall fit of the model. Despite our large sample size, we had limited power to detect significant differences with a three-way interaction term and, therefore, report patterns in trends; the patterns of associations when all three variables are examined are, however, complex.
High levels of energy intake among participants with a family history of first-degree relatives with colorectal cancer were associated with a greater risk than among those without such a family history (table  8) . This association was strongest among those diagnosed prior to age 67 years. Although the risk was somewhat greater than would be expected in either an additive or a multiplicative model, the overall improvement in the fit of the model was not statistically significant at the 0.05 level.
DISCUSSION
Our results suggest that, even after controlling for energy expenditure, total energy may be more associated than any one source of energy (fat, protein, or carbohydrate) with colon cancer risk. We also observed some differences in colon cancer risk associated with total energy by age, tumor site, and sex: Associations were stronger for men than for women, were stronger for those diagnosed at a younger age than at an older age, and were slightly stronger for proximal tumors than for distal tumors. However, the age and tumor site-specific patterns were similar for men and women, even though the associations were generally stronger for men. • OF), odds ratio, Cl, confidence Interval. t Ftisk estimates adjusted for age, body mass index, family history of first-degree relative with coJorectal cancer, use of aspirin and/or nonsteroidal anttinftarnmatory drugs, physical activity, and dietary intake of fiber, cholesterol, and calcium t Numbers differ sOghtly from those reported In table 1 because of missing values for some variables. § Nonfat, nonprotein, and noncarbohydrate energy risk estimates are derived from the differences between the median levels of the upper and lower quIntBes by using a continuous variable Numerous case-control studies have shown that total energy and energy-providing nutrients such as fat and protein contribute to colon cancer risk; results from cohort studies have generally not observed the same associations (29) . There are several plausible explanations for differences in association between colon cancer and energy intake observed between case-control and cohort studies. We believe that many • OR, odds ratio, Cl, confidence Interval. f Risk estimates adjusted for age, body mass Index, family history of first-degree relative with colorectai cancer, use of aspirin and/or nonsteroidal antiInflammatory drugs, physical activity, and dietary intake of fiber, cholesterol, and calcium t Numbers differ slightly from those reported In table 1 because of missing values for some variables. § Risk estimates for total energy are derived from the difference between the median level of energy for the upper and lower quintiles of intake of the findings presented here help to clarify the role of at least one of the sources of energy-contributing nuenergy intake and risk of colon cancer.
As shown in our data and elsewhere, total energy is highly correlated with energy-contributing nutrients; foods high in total energy are, rather obviously, high in Am J Epidemiol Vol. 145, No. 3, 1997 trients. We have used various statistical methods to help delineate the contributions of energy versus those of energy-contributing nutrients to obtain a better understanding of the biology of colon cancer. As has 
• OR, odds ratio; Cl, confidence interval t Risk estimates adjusted for age, body mass Index, family history of first-degree relative with colorectal cancer, use of aspirin and/or nonsterotdal antiInflammatory drugs, and dietary Intake of fiber, calcium, cholesterol, and physical activity * OR, odds ratio, Cl, confidence Interval. f Risk estimates adjusted (or age, body mass index, family history of first-degree relative with colorectal cancer, physical activity, use of aspirin and/or nonsterotdal anti-inflammatory drugs, and cholesterol been reported by others and is true in our data (13, 14) , results vary somewhat by the statistical method used for analysis. However, the research question being answered is specific to the statistical method; not all studies answer the same question. While most casecontrol studies have used standard methods of analysis (comparable with the partition method presented in this paper) to determine whether the absolute amount of a nutrient is associated with risk, cohort studies have generally used the residual method (which more closely parallels the density method) and have evaluated whether substituting types of energy in an isocaloric diet are associated with risk.
Indeed, there are some data (2, 5, 30) to suggest a slight inverse association between colon cancer and energy intake. In these data, we also observed a slight inverse association with energy when fat, protein, or carbohydrate was in the model. This pattern of association was more marked among older participants, especially older women. Not only does the statistical method used in the analyses introduce some differences in the observed associations between energy intake and colon cancer, but also, inclusion of other adjustment variables in the model could further introduce differences. For instance, including dietary fiber and calcium in the model resulted in higher estimates of risk associated with energy; including dietary cholesterol in the model resulted in reduced estimates of risk associated with total energy and colon cancer. Our data also suggest that level of intake of dietary fiber and calcium are effect modifiers as well; holding total energy intake constant, diets that were dense in fiber and calcium were not associated with the same level of colon cancer risk as those low in dietary fiber and calcium. Diets dense in dietary fiber may increase bowel motility and stool bulk, reducing stool contact with gut epithelium (31) . Dietary fiber and calcium are thought to bind bile acids; although dietary fat in general was not associated with increased risk beyond that associated with energy, it is likely that all sources of energy increase bile acids (32) . There are many other mechanisms whereby calcium could alter colon cancer risk. Calcium has been shown to decease cell proliferation in the gut and to produce a downward shift in the colonic epithelial crypts in a randomized trial (33, 34) . Calcium also plays a role in the regulation of cadherins, which are transmembrane proteins that, among other things, interact with cytoplasmic proteins that help anchor adherens junctions to the actin cytoskeleton (35) . Adherens junctions are critical for the establishment and maintenance of epithelial layers of organ surfaces; it has been suggested that the adenomatous polyposis coli gene, which is mutated in most colon tumors, is associated with adherens junction proteins (36) . What is not known is how energy intake fits into the cascade of events by which calcium may be protective via these cell proliferation and cell regulation processes. However, if energy intake is associated with increasing cell proliferation, then the level of calcium in the diet could reduce the associations with energy.
Many of the cohort studies have controlled inadequately for physical activity; in our study, we observed an increased risk after adjusting for physical activity. Because energy intake is a surrogate for energy expenditure and is inversely associated with coronary heart disease, similar associations could be expected with colon cancer (37) . In our data, the correlation between energy intake and energy expenditure was 0.11 for men and 0.12 for women, similar to that reported in the coronary heart disease literature (38) .
However, effect modification may have more importance than confounding in the differences in associations with energy intake observed between populations. We have observed in this study that the levels of physical activity and body mass index strongly influence the pattern of associations observed for energy intake (16) . What follows from this is that if populations differ by level of activity or body size, risk estimates for energy intake derived from populationbased studies will also vary. In fact, in the study that observed the strongest inverse association with energy intake (2), energy expenditure was not associated with risk, suggesting that the combined energy intake and energy expenditure patterns in that population may be different from those in other studies.
A potential source of bias in case-control studies is selection bias, in that participants differ from nonparticipants. However, reasons for participation differ, and cases who do not survive to participate may be more likely to be different from controls who do not participate; other nonrespondents may not be different between cases and controls. However, if cases who survive to participate have higher levels of energy intake, a survivor bias may exist, with the resulting effects of surviving cases consuming more calories than do controls. It has been shown that higher levels of energy intake prior to colon cancer diagnosis are associated with longer survival (39) . If this is the case in these data, we would need to propose that the energy-survival-participation bias also differs by age and by sex since at younger ages there is a marked increase in risk with higher energy intake among women and no association in those over age 67 years.
Other potential sources of bias exist. Recall bias is of concern when dealing with studies of diet and cancer, in that cases may recall their diets differently because of case status. However, given the complex diet history questionnaire used in this study, we feel that it is unlikely that our findings are the result of recall bias.
While cohort studies are not subject to selection bias based on disease status, they encompass other potential problems because participants are not representative of the total population; enrollment of a healthier group of participants in a cohort ensures a more limited range of exposures than the population from which they are derived. To illustrate, in our data, we have a much wider range of energy intake than in some of the reported cohort studies (2, 5) . In fact, the upper quintile of intake in some cohort studies is comparable with our fourth quintile of intake (5) . Our data suggest that, at least for women, the risk associated with energy intake is greatest in the upper quintile of intake and in some instances is almost entirely confined to the upper quintile of intake. Cohort studies with narrower ranges of exposures may be less likely to examine ranges of intake that may influence risk within the total population.
There are data as well as hypothesized biologic mechanisms that support total energy as a risk factor for colon cancer. Data from studies performed on animals have shown that rats on restricted energy diets are less likely to develop tumors than are rats fed diets high in energy (40) . McKeown-Eyssen (41) has hypothesized a systemic physiologic explanation for a variety of risk factors for colon cancer; diets high in fat and total energy and low levels of physical activity often lead to obesity and are associated with elevated triglycerides. Obesity, elevated triglycerides, and hyperglycemia are all positively associated with each other. These conditions lead to a hypermetabolic rate that gives rise to cellular growth promotion. This is consistent with the earlier observation of the antitumorigenic consequences of fasting and starvation and, more generally, with the "thrifty gene" hypothesis of Neel (42) . If a hypermetabolic state increases risk of colorectal (and other) cancers, then it plausibly does so via specific hormones and growth factors. A variety of growth factors and growth factor loops have been proposed in recent years as being relevant to colon cancer, including roles for insulin (41, 43) , plateletderived growth factor (44), transforming growth factors (45, 46) , and epidermal growth factor (47).
Total energy consumption appears to be more strongly associated with colon cancer among those who have a family history of one or more first-degree relatives with colorectal cancer. Although a family history of cancer represents both environmental and genetic factors, it is possible that individuals with certain genetic profiles may be more susceptible to diets high in total energy, especially if, as hypothesized by McKeown-Eyssen, this gives rise to a hypermetabolic rate.
In summary, we observed that high levels of energy intake result in approximately a 70 percent increased risk of colon cancer after controlling for energy expenditure; associations were generally weakest for those diagnosed at an older age. It does not appear that sources of energy contribute greatly to risk beyond the risk associated with energy. However, eating diets that are nch in other nutrients, such as dietary fiber and calcium, and maintaining high levels of activity may help to reduce risk associated with high energy intake. the energy partition method,
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where P is the probability of disease, T is total energy intake, and F is the intake of the nutnent of interest (fat, protein, or carbohydrate). The variable R in the residual method is the energy-adjusted nutrient of interest, or the residual regressing F on T.
